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Two Major Aspects of Integrated 
Water Resources Management

Scientific, technical & engineering
concerns (e.g., geology, flora, fauna, 
physiography, water supply-demand 
equation, population centers, pollution 
sources, topography)

Fundamentally define the “state”
of the water resource (how much, what 
condition, where is it located, relative 
availability, etc.)



Two Major Aspects of Integrated 
Water Resources Management

Socio-economic concerns
(e.g., institutions, policies, financing, 
public awareness, stakeholder 
participation, political realities, cultural 
values)

Fundamentally define HOW humans
use their water resources



Report Structure

System Properties of Lentic Water

Governance Challenge
in Basin Management

Planning Implications over Time



Steps to Selecting
Management Practices

(1) Inventory existing management efforts
in watershed;

(2) Quantify effectiveness of current 
management practices;

(3) Identify new management opportunities;

(4) Identify critical areas in watershed 
where additional management efforts 
are needed;



Steps to Selecting
Management Practices

(5) Identify possible management practices;

(6) Identify relative pollutant reduction 
efficiencies;

(7) Develop screening criteria to identify 
opportunities & constraints;

(8) Rank alternatives and develop candidate
management opportunities.



Inventory existing management 
efforts in watershed

Identify programs, ordinances, etc., 
already implemented in watershed;

Existing management may already 
incorporate complex site-specific social 
& economic factors; local knowledge of 
regional environmental constraints
(Table 10-2).





Quantify effectiveness of current 
management practices

Determine effectiveness of measures 
(e.g., load reductions & other management 
objectives achieved);

Required pollutant load reductions
- load reductions achieved with existing

measures  =  additional load reduction
practices/measures needed to take care
of “gap”



Identify new
management options

Begin identifying potential new measures 
to address  “gap” (pollutant load 
reductions)

Includes identifying: 
(1)  Critical areas requiring additional

management;
(2)  Candidate management practices;
(3)  Relative pollutant load reductions;
(4)  Opportunities & constraints of 

management options;



Identify critical areas requiring 
additional management

Need to identify critical areas for
implementing management options

(e.g., immediately adjacent to water 
system vs. upland at pollutant sources);
- GIS/hand-draft maps useful 

(Fig. 10-2; PLUARG).





PLUARG:  Land Use/Land Form 
Characteristics

Land Use = Purpose for which land is 
being used;

Land Form = Slope, soil type & texture, 
extent of impervious surface, drainage 
density, vegetative cover
(~interposition of land relief features & soil 
texture maps for given basins)

(Source:  Pollution From Land Use Reference Group (PLUARG; 1978))











Identify candidate management 
practices

Many resources for initial 
identification of management options;

Choice depends on many factors:  
Pollutant sources & root causes in 
watershed; land use characteristics
(e.g., urban vs. agriculture vs. forests).



Identify candidate management 
practices

Urban Sources: International Stormwater Best 
Management Practice Database

(www.bmpdatabase.org)

Agricultural Sources: NRCS National Handbook of 
Conservation Practices

(www.nrcs.usda.gov/Technical/Standards.nhcp.html)

All Sources (agriculture, urban, forestry, marinas &
recreational boating, hydromodification, wetlands):

(www.epa.gov/owow/nps)

State BMP Handbooks: California Stormwater 
Best Management Practice Handbooks

(www.cabmphandbooks.com)

http://www.bmpdatabase.org/
http://www.nrcs.usda.gov/Technical/Standards.nhcp.html
http://www.epa.gov/owow/nps
http://www.cabmphandbooks.com/




Identify relative pollutant 
reduction efficiencies

Can be simple at screening stage (H, M, L);
Many references identify relative 

pollutant load reduction potentials (Table 10.4)

Example: BMP Implementation Appendix
Info on 85 practices (description;
purpose; pollutant sources treated;

pollutants addressed; potential load
reduction; estimated time for load
reduction);





Source:  Marshall Macklin Monaghan Limited (1977)







Screening criteria for evaluating 
management options

Many criteria for screening candidate
management measures:

(i) Location within critical area; (ii)  Estimated
load reductions; (iii)  Legal & regulatory
requirements; (iv)  Property ownership;
(v)  Site access; (vi) Added benefits;
(vii) Unintended impacts; (viii)  Physical
factors; (ix)  Infrastructure; (x) Costs;
(xi)  Social acceptance.



Rank alternatives & develop 
candidate management options

Work with stakeholders to identify 
management options for more detailed 
evaluation;
Develop summary chart & map from 
worksheets + ranking of alternatives for 
discussion with stakeholders;
Summarize & weigh relevant factors
(e.g., relative load reductions; added 

benefits; costs; public acceptance; ease of 
construction & maintenance (Table 10-5)





Selecting Final
Management Strategy

Chapter 10:  Initial Screening of 
feasibility of management options

Chapter 11:  Work with stakeholders to: 
(1)   Consider various strategies that

use combination of management
practices;

(2)  Rank and evaluate strategies;
(3)  Select preferred strategies for

watershed plan.



Selecting Final
Management Strategy

Five major steps:
(1) Identify factors influencing selection of

management strategies;
(2) Evaluate ability of strategy to meet 

watershed  management objectives;
(3) Quantify expected load reductions from

management strategies;
4)  Identify capital and O&M costs; 

compare initial and long-term costs/benefits;
(5)  Select final preferred strategy(ies)



Factors influencing selection of
management strategies

Several considerations:
(1) General & specific types/locations of 

management practices to be used;

(2) Indicators  for evaluating performance;

(3) Appropriate scale & detail of analysis to 
assess cumulative benefits of multiple 
practices



Factors influencing selection of
management strategies

General types of management practices:
- How to be applied:

Example:  Across land area (tillage; 
fertilizer management) vs. along stream 
corridor (linear practices; riparian /stream 
buffer zones) vs. at specific location (treat 
runoff from specific drainage area via 
settling, infiltration, etc.)



Factors influencing selection of
management strategies

Indicators to measure performance:
- Defines types of analyses  to assess  

effectiveness of management practices;

- Can be based on pollutant loads (easiest), 
hydrologic factors, concentrations, habitat, etc. 
measures; 

- Ensure information is applicable to situation



Selecting Suitable Approach to 
Evaluate Management Practices

Evaluating performance of management 
practices:

Simple (published literature values; 
spreadsheet tool)  vs. Complex (detailed 
watershed model) vs. Combination;

- Sometimes very simple approaches are 
appropriate relative comparisons of 
management practices (Vollenweider 
phosphorus loading diagrams);



Selecting Suitable Approach to 
Evaluate Management Practices

Approaches for evaluating performance 
of management practices/strategies:

(1) Literature values: % removal associated 
with each practice &  pollutant (e.g., detention 
pond & sediment);

- Often ranges (many factors influence 
performance; e.g., local climatic conditions, 
type of pollutant, design specifications, etc.);



Selecting Suitable Approach to 
Evaluate Management Practices

Approaches for evaluating performance 
of management practices/strategies:

- Simple spreadsheets of watershed-scale 
reductions can be calculated accounting of 
estimated loadings; areas treated; percent 
pollutant reductions, etc. (Fig. 11-2);

-





Selecting Suitable Approach to 
Evaluate Management Practices

Approaches for evaluating performance 
of management practices/strategies:

(2)  Models: Current models have significant 
capacities to represent management practices 
(EPA websites; publications; journal articles);

- Practices they evaluate, however, vary on basis 
of model specialty (e.g., agricultural runoff vs. 
urban structural practices)



Selecting Suitable Approach to 
Evaluate Management Practices

Approaches for evaluating performance 
of management practices/strategies:

- Chapter 8 7 models:
Agricultural practices: SWAT, AGNPS; 
GWLF; STEPL;
Urban practices: P8-UCM; STEPL; SWMM;
Mixed Land Uses: STEPL; HSPF

Table 11-1 Capabilities of selected models;
Each has slightly different approach to 
address management practices









Selecting Suitable Approach to 
Evaluate Management Practices

Approaches for evaluating performance 
of management practices/strategies:

- Model information needs can vary 
widely (Table 11-3)





Selecting Suitable Approach to 
Evaluate Management Practices

Approaches for evaluating performance 
of management practices/strategies:

- Other Available Models (Table 11-4):  
Usually more specialized

SET; PGC-BMP; MUSIC; IDEAL; 
VFSMOD; REMM; WEPP; EPIC; 
WETLAND; VAFSWM;



Quantify expected load reductions 
from management practices

Needed load reductions typically 
output of calculation and/or 
modeling exercises (assuming 
management practice, area applied, 
conditions of application, etc. have been 
accurately represented in spreadsheet or 
model).



Identify costs and benefits of 
management practices

Economics ALWAYS consideration in 
evaluating & formulating management 
strategies;

To extent possible, cost estimates 
should include all future costs of 
management strategy (design  & 
engineering; construction; labor; O&M; 
discounting).





Identify costs and benefits of 
management practices

Nonstructural management options:
-for nonstructural management options

(e.g., training  programs), most costs = labor;

Agriculture: www.epa.gov/owow/nps/agmm
Forestry:

www.epa.gov/owow/nps/forestrymgmt
Urban areas:

www.epa.gov/owow/nps/urbanmm/index.html

http://www.epa.gov/owow/nps/agmm


Identify costs and benefits of 
management practices

Compare costs & benefits of practice: 
- Lowest “cost-effectiveness ratio” 

most benefit for least dollars spent;
- BUT still need to determine if most cost 

effective options meets management goals
(sometimes more expensive practices 
necessary);

Point: When used in reconciling project objectives 
& stakeholder concerns, cost-benefit analysis 
can be very useful in management decision-
making AND convincing stakeholders





http://www.wonderclub.com/WorldWonders/ItaipuGoods.html


Select Final Management 
Strategies

Decision Process:
(1)   Develop Decision Criteria;

(2)   Summarize Evaluation Results and
Present to Stakeholders;

(3)   Obtain Stakeholder Feedback;
(4)   Rank Preferences and Select Final 

Strategy(ies)



Select Final Management 
Strategies

(1) Develop Decision Criteria:
- Need to address not only state or local 
water quality and/or hydrology goals, but 
also such issues as:
- Fiscal impacts on local government;
- Overall regulatory feasibility;
- Compatibility with other local planning

objectives/policies;
- Overall political feasibility



Select Final Management 
Strategies

(2) Summarize Evaluation Results and 
Present to Stakeholders:
Before meeting with stakeholders, develop 
“big picture” summary chart (sometimes 
difficult);

- Both quantitative (does program meet 
targets?) & subjective (is program 
compatible with local policies; politically 
feasible?) indicators may be needed;



Select Final Management 
Strategies

(3) Obtain Feedback from Stakeholders:
- Determine if information readily available

to address any stakeholder concerns;
- If cost feasibility is issue, present cost-

sharing information or other funding
options;

- Always keep ”end view” in mind, and focus
on solutions stakeholders willing to
implement 



Select Final Management 
Strategies

(4) Rank Preferences and Select Final 
Strategies:
- Can be straight forward if small 

watershed  & limited number of 
landowners and/or limited number of
problems to solve; 

- Management practice worksheets (cost-
effectiveness) might be adequate to
highlight feasible options 











Select Final Management 
Strategies

(4) Rank Preferences and Select Final 
Strategies:
- More complex with larger watersheds or 

small watershed with multiple problems &
broader set of stakeholders;

- May be necessary to develop formal criteria
and methods for ranking stakeholder
preferences;

Remember: Many ways to rank and select
desired management strategy 
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“water-blooms” in Lake Taihu, China”
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“A vision without action
is just a dream; 

An action without vision
just passes time;

A vision with an action
changes the world.”

………World Lake Vision (2003)



General Approach for Meeting 
Pollution Objectives

(1) Identify pollution problem and establish 
management goals:
- What is nature of pollution & why a problem?
- How can control goals be determined?
- Who should be involved in managing problem?

(2) Assess information available about 
waterbody:

- What information is necessary?
- How can it be obtained?



General Approach for Meeting 
Pollution Objectives

(3) Identify Available Options for 
Managing Pollution:
- Manage cause or symptoms?
- What options are available?

(4) Analyze All Costs & Expected Benefits 
of Available Options:
- What are the estimated costs?
- What resources are available?
- What are costs & benefits of available options?
- What if nothing is done about problem?



General Approach for Meeting 
Pollution Objectives

(5) Analyze adequacy of legislative & 
regulatory framework for implementing 
pollution control program:
- Are existing institutions & regulations adequate?
- If new ones are needed, how to develop them?

(6) Select Pollution Control Program; 
Distribute Summary to Affected Parties 
Prior to Implementation

- How can appropriate pollution program be selected?
- What information should be distributed; to whom?
- Should public education program be part of 

Program?
- Any other important considerations?



General Approach for Meeting 
Pollution Objectives

(7) Provide Periodic Progress Reports to Public 
& Other Interested Stakeholders:
- How can public be made better aware of pollution

control program?
- What is the importance of public feedback and

how best used?
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